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[Claim(s) ] 

[Claim 1] A mask-protector-mounted mask for use in a 
photolithographic step employing short -wavelength exposure 
light of 100 to 220 nm as the source for exposing wafers, 
the mask-protector-mounted mask comprising a mask and a mask 
protector having a frame and a thin film extending over one 
side face of the frame, the mask protector being bonded onto 
the mask so as to cover a mask pattern, 

wherein a gas containing 1 percent by volume or less of 
oxygen is enclosed in the space surrounded by the mask 
protector and the mask. 

[Claim 2] A method for manufacturing a mask-protector- 
mounted mask according to Claim 1, wherein manufacturing 
thereof is performed in an atmosphere containing 1 percent 
by volume or less of oxygen. 

[Claim 3] An exposure method using short -wavelength 
exposure light of 100 to 220 nm in an atmosphere containing 
1 percent by volume or less of oxygen to expose wafers. 

wherein a mask-protector-mounted mask according to 
Claim 1 is used. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] The present invention 
relates to a mask or reticle (herein referred to as a mask) 
with a mask protector for preventing the deposition of dust 
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used in a semiconductor manufacturing process of 
semiconductors, to a method for manufacturing the same, and 
to a method for exposing wafers by using the same. 
[0002] 

[Description of the Related Art] In photolithography, when 
dust or the like is deposited on a mask, shadows thereof are 
projected on the wafer during exposure . often resulting in 
defective products. In order to solve such a problem, a 
mask protector called a "pellicle" has been provided to 
prevent dust deposition on the mask. As shown in Fig. 1. 
the pellicle has a supporting frame 1 and a transparent thin 
film 2 extending over one face of the frame, the other face 
of the frame being bonded onto a mask 3 through a bonding 
means 4 such as an adhesive tape. The pellicle covers the 
mask 3 using the thin film 2. with a predetermined space 
therebetween . 
[0003] 

Conventionally, both the installation of the above- 
described mask protector onto the mask and the exposure of 
the mask have been performed in air. 
[0004] 

[Problems to be Solved by the Invention] The number of 
components per chip in a semiconductor is increasing yearly, 
by as much as four times in the last three years. The 
increase in the number of components per chip is realized by 
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the reduction of the line width and increase of the chip 
size. The line width has currently been reduced to the 
point Where the line width is equal to the wavelength of the 
exposure light. In order to achieve a further reduction of 
the line width henceforth, exposure light having a short 
wavelength is required. It is anticipated that a KrF 
excimer laser beam (248 nm) . an ArF excimer laser beam (193 
nm), an electron beam, and eventually the combination of an 
Ar excimer laser beam and an electron beam will be used as 
next -generation exposure sources. 

[0005] However, the following problems arise when the 
short-wavelength exposure light having the wavelength of 100 
to 220 nm is used. First, oxygen contained in the space 
enclosed by the mask and mask protector absorbs light and is 
transformed into ozone, thereby deteriorating the thin film 
of the mask protector. Second, when the above short- 
wavelength exposure light is used, it is preferable that the 
exposure be carried out in an inert atmosphere or in an 
atmosphere containing 1 percent by volume or less of oxygen 
in order to prevent a decrease in the energy of the exposure 
light. in such a case, due to the difference between the 
oxygen concentration in the air- containing space surrounded 
by the mask and the mask protector and the oxygen 
concentration of the space outside the surrounded space, 
oxygen contained in the surrounded space flows out. thereby 
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reducing the pressure inside the space and making the thin 
film concave. 

[0006] An object of the present invention is to provide a 
mask-protector-mounted mask capable of overcoming the above- 
described problems. A method for manufacturing the same and 
an exposure method using the same are also provided. 

[0007] 

[Means for Solving the Problems] In order to achieve the 
above -described object, a mask of the present invention has 
a mask protector comprising a frame and a thin film 
extending over one face of the frame, the mask protector 
being bonded onto the mask so as to surround a mask pattern. 
The mask-protector-mounted mask is used in a 
photolithographic step employing short -wavelength exposure 
light having a wavelength of 100 to 220 nm as the light 
source for exposing a wafer, and is characterized by 
enclosing a gas containing 1 percent by volume or less, 
preferably 0.1 percent by volume or less, of oxygen in the 
space surrounded by the mask and the mask protector. 
[0008] The thin film may be made from, for example. Cytop 
(Trade Name), available from Asahi Glass Company, or Teflon 
AF (Trade Name), available from DuPont. Preferably, a gas 
to be enclosed in the space defined by the mask and the mask 
protector is an inert gas. Examples of such gasses are 
nitrogen, argon, and helium gasses. The above -described 
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mask-protector-mounted mask may be manufactured by bonding 
the mask protector onto the mask in an atmosphere containing 
1 percent by volume or less, preferably 0.1 percent by 
volume or less, of oxygen - 

[00091 Accordingly, the present invention is characterized 
by manufacturing the above -described mask- protector-mounted 
mask in an atmosphere containing 1 percent by volume or less, 
preferably 0.1 percent by volume or less, of oxygen, 
preferably, the mask of the present invention is used in a 
photolithographic step in which a path of the exposure light 
extending from the exposure source to the wafer is in an 
atmosphere containing 1 percent by volume or less of oxygen 
for the above-described reason, i.e., prevention of the 
problem caused by the difference between the oxygen 
concentration in the space enclosed by the mask and mask 
protector and the oxygen concentration of the space outside 
the enclosed space. 

[00101 Accordingly, the present invention is characterized 
in using the above- described mask-protector-mounted mask as 
the mask to be employed in a process using a short- 
wavelength exposure light having wavelength of 100 to 220 nm 
to expose a wafer in an atmosphere containing 1 percent by 
volume or less, preferably, 0.1 percent by volume or less, 
of oxygen. Here, in order to prevent the thin film from 
swelling and becoming concave due to pressure or temperature 
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changes and to prevent the optical characteristics of the 
film to change thereby, a mask protector having a filter may 
alternatively be used. In such a case, however, the filter 
of the mask-protector-mounted mask needs to be provided with 
a cover for hermetic sealing when the manufactured mask- 
protector-mounted mask is to be exposed to an atmosphere 
containing more than 1 percent by weight of O2 when being 
transported/stored. 
[0011] 

[Examples] A mask protector using a thin film formed from 
Cytop (Trade Name) was bonded onto the mask in an atmosphere 
containing 0.5 percent by volume or less of oxygen in order 
to manufacture a mask-protector-mounted mask shown in Fig. 1. 
The gas contained in a space 5 surrounded by the mask and 
the mask protector was then measured. The oxygen content 
therein was 0.5 percent by volume. 

[0012] Next, in an atmosphere having the same oxygen 
content (0.5 percent by volume), a wafer was exposed using 
ArF excimer laser beams having a wavelength of 198 nm at 
3,000 J/cm2 through the mask-protector-mounted maslc. No 
change was observed in the mask. The mask protector was 
then removed from the mask to examine the transmittance. 
The transmittance was 99 percent or more. As an exposure 
machine, Excimer Laser L-5000, available from Hamamatsu 
Photonics K.K. , was used. 



[0013] Comparative Example 

A mask-protector-mounted mask identical to the Example 
was manufactured in air. The gas contained in a space 5 
surrounded by the mask and the mask protector was then 
measured. The oxygen content therein was 20 percent by 
volume. A wafer was exposed under the same conditions as in 
the Example. The mask protector was then removed from the 
mask and the transmittance was determined. The 
transmittance degraded to 93%. 
[0014] 

[Advantages] According to a mask-protector-mounted mask of 
the present invention, changes in transmittance due to 
deterioration of a thin film of a mask protector will not 
occur even when short -wavelength exposure light of 
approximately 100 to 220 nm is used. Moreover, the thin 
film will not become concave even when the exposure is 
performed in an atmosphere containing 1 percent by volume or 
less of oxygen. Thus, the mask-protector-mounted mask of 
the present invention is most suitable for use in the 
exposure method described in Claim 3 . 

[0015] Furthermore, the mask-protector-mounted mask can be 
easily and reliably manufactured by the method described in 
Claim 2. 

[Brief Description of the Drawings] 

[Fig. 11 A cross- sectional view of a mask-protector-mounted 
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mask. 

[Description of Reference Numerals] 
1: supporting frame 
2: thin film 
3 : mask 
5 : space 



